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VISUAL AND INFRARED SIGNATURE Prior art discloses the use of tin in activated iron systems 
POWDER AND PREPARATION METHODS U.S. Pat . Nos . 4,435,481 , 4,895,609 , 4,957,421 , 4,965,095 , 

THEREOF 4,970,114 , 5,028,385 , 5,194,219 , and 5,262,466 disclose 
using tin , typically as SnCl2 , in the caustic leaching solution 

CROSS - REFERENCE TO RELATED 5 used to activate the iron . As discussed in U.S. Pat . No. 
APPLICATIONS 6,093,498 , it is believed that the tin salt in the leaching 

solution results in deposition of tin metal that prevents 
This application is a continuation of U.S. patent applica- oxidation of the activated iron in the leaching solution . 

tion Ser . No. 14 / 838,220 , filed Aug. 27 , 2015 , which claims Additionally , U.S. Pat . No. 6,093,498 discloses a system 
the benefit of U.S. Provisional Application No. 62 / 043,968 , 10 that uses tinplated steel as the pyrophoric substrate . In this 
filed Aug. 29 , 2014 , both of which are incorporated herein system , the tin is believed to aid in the diffusion of aluminum 
by reference in their entirety , including drawings . into the steel . The inventors report that using tinplated steel 

aided in processing because the performance was much less 
TECHNICAL FIELD sensitive to the leaching time . Additionally , the activated 

15 iron made from tinplated steel gave a greater energy output 
The present disclosure relates generally to visual and with a higher peak temperature and longer heat generation 

infrared ( VIS - IR ) signature radiation and , more particularly , time than iron made from a substrate without the tinplate . 
Close interaction of the iron in the substrate and tin was to infrared ( IR ) signature powder and methods of controlling accomplished by using tinplated steel . the temperature , duration , and intensity of visual and infra U.S. Pat . No. 8,783,186 discloses adding combustible red signature radiation . elements such as nickel or boron to the payload to increase 
the visible and thermal output of the signature . While BACKGROUND igniting secondary fuels with the pyrophoric material can 
certainly increase the output , it also has the disadvantage 

Industries have many uses for visual and infrared ( VIS- 25 that many of these materials burn at very hot temperatures , 
IR ) signature materials . For example , these materials are so the fire hazard or the risk of potential heat damage can be 
used as part of law enforcement or military training exer- significantly increased . All of the above - identified patents 
cises and in operations to mark targets and other objects . are hereby incorporated herein in their entireties by refer Additionally , they may be used to make a cloud in front of ence thereto . 
a target , to obscure the target . Many different imaging 30 
technologies are used by the military and law enforcement , BRIEF DESCRIPTION OF THE DRAWINGS 
so a material that gives an intense signature across a wide 
range of wavelengths is desirable . In many cases , the same FIG . 1 illustrates an embodiment of a method of produc 
material needs to be visible with the naked eye , near - infrared ing the VIS - IR powder as disclosed herein . 
night vision goggles , mid - wave thermal sights , and / or long- 35 FIG . 2 illustrates temperature differences of particles 
wave thermal sights . remained on the ground from dropping the VIS - IR powder 

Historically , pyrotechnic compositions have been used as disclosed herein ( i.e. , with tin ) and comparable powder 
signature materials . However , pyrotechnic compositions are ( pyrophoric iron powder ) without tin . 
inherently energetic , and if these materials fail to initiate at 
the proper time , they can become a safety hazard . User 40 DETAILED DESCRIPTION OF THE 
might want to control the duration , temperature and / or INVENTION 
intensity of the visual and / or the infrared signature radiation 
as needed for different operations or training situations . This application uses a process similar to the one dis 
Additionally , many pyrotechnic compositions contain ingre- closed in U.S. Pat . No. 5,194,219 to make pyrophoric 
dients that are toxic or hazardous to the environment . Other 45 powder , with at least some of the improvements being 
signature materials , such as clouds of colored dust or chemi- related to including tin and other additives in the formula 
luminescent formulations , have been employed to address tion . In the system and process of the present disclosure , a 
these problems . However , these solutions have limited method of incorporating tin into a powdered pyrophoric 
applications as clouds of dust are only visible during day- material is disclosed . In this disclosure , the close interaction 
light and chemiluminescent formulations are not bright 50 of the iron and tin is accomplished by mixing iron and tin 
enough for daytime visibility and provide minimal thermal powders . Applicant's technology is further improved by 
signature . incorporating binders and other processing aids to enhance 

Very small particles of many metals may be pyrophoric . the interaction of iron and tin . In this technology , the 
Pyrophoric powders may also be made by reducing iron signature is enhanced by changing the formulation method 
compounds such as iron oxalate or iron oxide . Another 55 of the pyrophoric material itself , so no secondary fuels are 
approach is to combine iron and aluminum at high tempera- required . This allows an enhanced signature to be generated 
tures to form an iron aluminide composite . The aluminum without increasing the temperature of the material . 
may then be removed through a caustic leaching procedure , Pyrophoric materials that create a visual and infrared 
leaving behind a high surface area pyrophoric iron . The signature address many of the limitations of pyrotechnic and 
caustic leaching procedure is commonly used to make 60 other signature materials . They are similar to pyrotechnics in 
pyrophoric foils ( as described in U.S. Pat . Nos . 4,435,481 , that they employ the reaction between a fuel and an oxidizer 
4,895,609 , 4,957,421 , 5,182,078 , 6,093,498 , 6,193,814 and to produce visible and infrared radiation . However , in the 
others ) . Powders may be formed by grinding foils , scraping case of pyrophoric materials , the oxidizer is the oxygen in 
pyrophoric powder off the foils , or by sintering the iron and the air and the payload material is not exposed to the oxygen 
aluminum to together to make a brick that is ground into 65 until the moment of activation . Since the oxidizer is not part 
powder prior to leaching ( see , for example , U.S. Pat . No. of the composition , the pyrophoric material does not pose an 
5,194,219 ) . explosive hazard . 

a 
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The rate of reaction for the pyrophoric iron disclosed in composition comprises particles of one or more metals 
Applicant's technology is related to the rate of oxygen selected from the group consisting of iron , nickel , cobalt , 
exposure . When the pyrophoric iron powder is dispersed in titanium , and zirconium ; 
a cloud , there is sufficient oxygen for rapid reaction ( less 1d . heating the second mixture to provide a first inter 
than a second ) , and an intense visual and thermal signature 5 metallic composition ; 
is produced . However , inadvertent exposure to air through le . grinding the first inter - metallic composition ( e.g. , to a 
cracking of the storage container typically does not result in desired size or a mixture of sizes ) to provide a ground first 
sufficient dispersion of the powder to obtain rapid reaction . inter - metallic composition ; 
In this situation , the powder slowly deactivates as oxygen 1f . adding the ground first inter - metallic composition to a 
diffuses through the powder over a matter of hours or days . 10 leaching solution comprising one or more strong bases ( e.g. , 
Therefore , payloads that do not activate do not pose an NaOH , KOH , etc. ) and providing a leached mixture ; 

1g . separating solid from liquid from the leached mixture unexploded ordnance hazard . to provide a second solid ; Increasing the intensity of signature that can be obtained 1h . rinsing the second solid with one or more rinsing from a given amount of material has many advantages . The 15 solutions ; and 
same amount of material can be seen from a greater distance li . drying the second solid to provide the VIS - IR powder . or with greater clarity , increasing operational effectiveness . Examples of silicate binders include , without limitation , Alternatively , the amount of material can be reduced to sodium silicate , potassium silicate , lithium silicate , and alkyl 
reduce cost and weight . The ability to reduce the amount of ammonium silicates ( e.g. , tetramethyl ammonium silicate ) . 
material required also opens possibilities for applications 20 Examples of metasilicate binders include , without limita 
where very little space is available for payloads . tion , sodium metasilicate , potassium metasilicate , lithium 

While intense signatures offer many advantages , increas- metasilicate , and alkyl ammonium metasilicates ( e.g. , 
ing the thermal signature also carries with it the risk of tetramethyl ammonium metasilicate ) . 
increasing the fire hazard of the material . Many operations When silicate binders ( e.g. , sodium silicate , potassium 
and training exercises take place in areas with significant 25 silicate , lithium silicate ) and / or metasilicate binders ( e.g. , 
amounts of combustible materials , so using a signature sodium metasilicate , potassium metasilicate , lithium meta 
material with a high fire hazard is unacceptable . Since solid silicate ) are soluble in aqueous solution , the first solvent may 
particles remain after the reaction , hot particles that fall to be water , an aqueous buffer ( e.g. , with a neutral pH ) , or an 
the ground after the reaction are a particular hazard . aqueous solution ( e.g. , further comprising one or more 

The disclosed technology relates to a pyrophoric powder 30 corrosion inhibitors , e.g. , alkyl phosphates , inorganic phos 
that is particularly favorable for applications as a signature phates , phosphonates , and alkyl ammonium halide salts ) . 
material . The advantages over prior art pyrophoric materials Silicate binders , e.g. , sodium silicate , potassium silicate , 
are that this material has a brighter visible signature , has lithium silicate , and alkyl ammonium silicates , may also ac 
residual particles with a lower temperature , and is less as corrosion inhibitors , and thus may be preferred . The 
susceptible to clumping . Additionally , the duration of the 35 silicate binders and / or metasilicate binders may be applied 
signature is tailorable . to the particles as an aqueous solution . When silicate binders 

In accordance with aspects of the technology disclosed ( e.g. , lithium silicate or alkyl ammonium silicate ) and / or 
herein , a visual and infrared signature material comprising metasilicate binders ( e.g. , lithium metasilicate or alkyl 
pyrophoric iron powder is provided . This material may be ammonium metasilicate ) are soluble in an organic solvent , 
encapsulated in a carrier ( such as in an ampoule ) that is 40 examples of the first solvent include , without limitation , 
substantially free of oxygen , to isolate the material from toluene , hexane , cyclohexane , MEK , MBA , alcohols , esters , 
oxygen until activation of the signature material is required . dioxane , tetrahydrofuran , acetone , and any mixtures thereof . 
When the carrier ( e.g. , ampoule ) is broken , the pyrophoric Organic - soluble silicates and / or organic - soluble metasili 
iron powder is exposed to oxygen , and is oxidized with cates may be applied through a solution in an organic 
visual and thermal radiations emitted in the process . 45 solvent . 
One aspect of the technology relates to a method of The binder composition may comprise one or more dis 

manufacturing a visual and infrared signature material ( VIS- persants ( e.g. , lignosulfates , sulfonated naphthalene , 
IR powder ) . In certain embodiments , the method comprises sulfonated melamine formaldehyde and polycarboxylate ) 
combining aluminum , tin , and iron particles ( e.g. , with a that may help reduce clumping to improve homogeneity of 
binder ) to enhance particle interactions . In certain embodi- 50 mix . 
ments , the VIS - IR powder obtained with the method dis- Examples of organic binders include , without limitation , 
closed herein has an enhanced visual signature and a starch , cellulose , polyvinyl alcohol , and wax . 
reduced maximum temperature . The binder composition may comprise one or more wet 

In one embodiment , the method comprises : ting agents to increases the spread of the material and 
1a . mixing a first metal composition with a binder com- 55 enhance the performance of silicate and / or metasilicate 

position with a first solvent to provide a first mixture , binders . Examples include , without limitation , anionic sur 
wherein the first metal composition comprises aluminum factants and non - ionic surfactants . One embodiment uses 
and tin , and the binder composition comprises one or more ethoxylated - 2,5,8,11 - tetramethyl - 6 - dodecyn - 5,8 - diol ( trade 
binder components commonly used for inorganic powders , name Dynol 604 ) as a non - ionic surfactant . 
include , without limitations , dispersants , organic binders , 60 The binder composition may comprise one or more lubri 
wetting agents , lubricants , silicate binders , and metasilicate cants to improve particle flow , and provide more efficient 
binders , and the binder composition may disperse in the first compaction of the powders . Examples of the suitable lubri 
solvent ; cants include , without limitation , surfactants , phosphates , 

1b . separating solid from liquid from the first mixture and glycols , olefins , glucosides , asphaltenes , and esters . In at 
drying the solid to provide a first solid ; 65 least one embodiment , the binder composition also has 

1c . combining the first solid with a second metal compo- lubricating properties . An embodiment that uses sodium 
sition to provide a second mixture , wherein the second metal silicate as the silicate binder and Dynol 604 as the surfactant 
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does not required the addition of a separate lubricant leaching process dissolves the aluminum from the formed 
because of the lubricating properties of the silicate binder composition to leave behind pyrophoric iron and tin . 
and the surfactant . In one embodiment , an exhaust scrubber may be used to 

In another embodiment , the method comprises : ensure proper recycling and regeneration of the gases gen 
2a . mixing the dry particles of a first metal composition 5 erated during the leaching process . 

with a binder composition comprising one or more meta- The second solid ( e.g. , the solid pyrophoric iron ) is 
silicate binders ( e.g. , sodium metasilicate , lithium metasili- separated from the caustic leaching solution and rinsed with 
cate , and potassium metasilicate ) to provide a first mixture , one or more rinsing solutions ( e.g. , water , aqueous solutions , 
wherein the first metal composition comprises aluminum and / or organic solvents ) . When there are multiple rinsing 
and tin ; 10 solutions , the multiple rinsing solutions may be applied 

1c ' . combining the first mixture with a second metal together or separately . In one embodiment , the rinsing 
composition to provide a second mixture , wherein the sec- solution further comprises one or more acids ( e.g. , citric 
ond metal composition comprises particles of one or more acid ) to neutralize the NaOH . In another embodiment , the 
metals selected from the group consisting of iron , nickel , second solid is also rinsed with an organic solvent compris 
cobalt , titanium , and zirconium ; and 15 ing one or more alcohols ( e.g. , methanol , ethanol , and 

steps 1d - li as disclosed supra . t - butanol ) or other organic solvents to facilitate water 
The binder composition may further comprise other bind- removal from the pores . During the rinsing stage , the second 

ers commonly used for inorganic powders , include , without solid is pyrophoric , but protected from exposure to oxygen 
limitations , dispersants ( e.g. , lignosulfates , sulfonated naph- by being stored under liquid . As there may be some oxygen 
thalene , sulfonated melamine formaldehyde and polycar- 20 that dissolves in the liquid , long - term storage of the second 
boxylate ) that may help reduce clumping to improve homo- solid under the liquid may result in some degradation , and 
geneity of mix ; organic binders ( e.g. , starch , cellulose , is not recommended . 
polyvinyl alcohol , and wax ) ; wetting agents ; and lubricants , After rinsing , the second solid is dried in an inert atmo 
as disclosed supra . sphere to provide VIS - IR powder . The dried VIS - IR powder 

In certain embodiments , the first solid comprises alumi- 25 may be used as - is , or the VIS - IR powder may be classified 
num , tin , sodium silicate , and surfactant Dynol 604 , and the to provide VIS - IR powders with the desired particle sizes . 
second metal composition comprises iron . The weight of Optionally , the method further comprises packing dried 
aluminum and iron may be the same , or be different ratios VIS - IP powder into carriers ( e.g. , ampoules ) that are sub 
in the mixture . The second metal composition may further stantially oxygen free . 
comprises nickel , cobalt , titanium , and / or zirconium in place 30 Another aspect of the technology relates to the VIS - IR 
of or in addition to iron . powder prepared according to the method disclosed herein , 

The intermetallic composition may be formed by heating which comprises tin . 
the second mixture at a first temperature ( e.g. , about 500 ° C. The VIS - IR powder as disclosed herein has shown vari 
to about 600 ° C. , or about 600 ° C. ) for a first period of time ous advantages over comparable formulations without tin , 
( e.g. , about 1 to about 3 hours , or about 1 hour ) , and then 35 including , without limitation : 
holding at a second temperature ( e.g. , about 700 ° C. to about significantly higher visual intensity ( see , e.g. , Table 1 ) ; 
760 ° C. , or about 740 ° C. ) for a second period of time ( e.g. , reduced temperature over the oxidation reaction when 
about 1 to about 3 hours , or about 1 hour ) , wherein , the exposed to air ( e.g. , maximum reaction temperature 
melting point of the aluminum - tin eutectic ( e.g. , 228 ° C. ) is lowered up to ~ 40 ° C. , see Table 2 ) and the powder 
lower than the first and the second temperature . Thus , a 40 residues after the reaction ( see , e.g. , FIG . 2 ) when 
liquid phase forms during the heat cycle which facilitates the compared to comparable composition without tin ; and 
interaction of aluminum with iron . improved resistance to clumping when compared to com 

The intermetallic composition may then be cooled to parable composition without tin . 
room temperature and ground to a desired size ( e.g. , about The VIS - IR powder provides a reduced temperature of the 
60 mesh ) or a mixture of desired sizes ; and may be further 45 reaction . Compositions of the present technology formed a 
separated according to particle sizes ( e.g. , by a classifier ) . gray cloud when dispersed in air . One of the effects of this 
The ground intermetallic composition may be added to cloud may be that some of the heat is contained in the cloud 

the leaching solution under a fume hood . In certain embodi- and could be slowly dissipated to the air instead of falling to 
ments , the intermetallic composition was added to the leach- the ground where combustible materials may be present . 
ing solution in small increments to control the active reac- 50 This cloud may comprise primarily of tin and tin oxide , 
tion between the intermetallic composition and the leaching which may indicate that tin or tin oxide is being vaporized 
solution . during the reaction . Furthermore , vaporization may also 

In one embodiment , the leaching solution is a base ( e.g. , remove heat from the reaction . 
NaOH , KOH ) at various concentrations ( e.g. , about 12.5 % The presence of tin in the VIS - IR powder may also reduce 
to about 25 % NaOH , or about 20 % NaOH ) to remove 55 the temperature of the hot particles that fall to the ground . 
aluminum from the intermetallic composition ( i.e. , leach- When a pyrophoric powder that does not contain tin is 
ing ) . To ensure proper leaching , the amount of the sodium exposed to air , the particles appear visually the same before 
hydroxide used can be 2 or 3 times the amount ( by weight ) and after the reaction . However , the particles of the VIS - IR 
of the aluminum in the formed intermetallic composition . A powder as disclosed herein become more granular through 
mixer may be used to ensure proper mixing between the 60 the reaction , which may be due to melting of tin during the 
leaching solution and the formed composition . reaction , without being bound by the mechanism . Accord 

In certain embodiments , the solution may be heated to a ingly , the temperature of the residue particles may be further 
third temperature ( e.g. , about 80 ° C. to about 90 ° C. ) until reduced by the heat of fusion required to melt the tin . 
most of the aluminum is leached out , or until intense Furthermore , the VIS - IR powder as disclosed herein has 
bubbling ceases , indicating that the reaction is substantially 65 improved resistant to clumping . -60 to +200 mesh particles 
complete . During this process , hydrogen gas ( approximately of a comparable formulation without tin are susceptible to 
1 liter ) may be produced per gram of aluminum . The clumping and may require the addition of an anti - clumping 

a 

a 
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agent . However , the same size particles of the VIS - IR grams of intermetallic composition included 100 grams of 
powder as disclosed herein ( with tin ) does not clump , such aluminum , approximately 1,350 g of the 20 % sodium 
that anti - clumping agents are not needed . hydroxide solution was used in the leaching solution . In 

The duration of the reaction of the pyrophoric iron with other embodiments , other proportions of sodium hydroxide 
tin may be designed and controlled by adjusting a number of can be used . A mixer was used to ensure proper mixing 
different factors during the preparation . For example , with between the leaching solution and the formed composition . 
out limitation , the reaction's duration may be controlled In one embodiment , the solution was heated to 80 ° C. - 90 ° C. 
based on the concentration of the silicate binders ( e.g. , until most of the aluminum was leached out , or until intense 
sodium silicate ) and / or the metasilicate binders ; the particle 10 bubbling ceased , indicating that the reaction was substan 
sizes ; and the particle morphology . tially complete . During this process , approximately 1 liter of 

In certain embodiments , the VIS - IR powder as disclosed hydrogen gas was produced per gram of aluminum . The 
herein are packaged in individual carriers ( e.g. , ampoules ) leaching process served to dissolve the aluminum from the 
that are substantially oxygen free . formed composition to leave behind pyrophoric iron and tin . 

Another aspect of the technology relates a carrier ( e.g. , In one embodiment , an exhaust scrubber was used to ensure 
ampoule ) comprising the VIS - IR powder as disclosed proper recycling and regeneration of the gases generated 
herein , wherein the carrier ( e.g. , ampoule ) is substantially during the leaching process . 
oxygen free . The carrier ( e.g. , ampoule ) may be made of a 
material substantially impervious to air - penetration and that 20 In certain embodiments , the solid pyrophoric iron was 
has a suitable shelf - life . In one embodiment , the carrier ( e.g. , removed from the caustic leaching solution and rinsed with 
ampoule ) is made of borosilicate glass , although other water . In one embodiment , citric acid was included in the 
embodiments may use other suitable frangible materials . rinsing solution to neutralize the DH . one embodiment , 

Example 1. VIS - IR powders showed significant benefits the powder was also rinsed with an organic solvent , such as 
25 compared to . methanol , ethanol , or t - butanol , to facilitate water removal 

In one example , aluminum , tin , sodium silicate , and from the pores . During the rinsing stage , the powder was 
Dynol 604 were dispersed in an aqueous solution to allow pyrophoric , but it was protected from exposure to oxygen by 
even coating of the particles with the sodium silicate binder . storing under liquid . As there was some oxygen that dis The powder mixture was then separated from the water and 
dried and ground to the desired particle size . 30 solves in the liquid , long - term storage resulted in some 

The resultant powder containing aluminum , tin , sodium eventual degradation . After rinsing , the powder was dried in 
silicate , and surfactant Dynol 604 was combined with iron . an inert atmosphere ( e.g , in vacuum oven inside a glove box ) 
In one embodiment , this combination was made to obtain to provide a VIS - IR powder . In one embodiment , the dried 
equal parts of aluminum and iron by weight in the mixture . VIS - IR powder was used as - is , in another embodiment , the 
Other embodiments may have mixtures with different ratios VIS - IR powder may be classified to obtain the desired 
of aluminum and iron . In further embodiments , other metals 
such as nickel , cobalt , titanium , and / or zirconium can be particle sizes . 
used in place of or in addition to iron . The VIS - IR powder , which may also be referred to as 

The intermetallic composition was formed by heating the pyrophoric iron powder , while in the oxygen - free environ 
mixture at 600 ° C. for 1 hour , and then holding at 740 ° C. ment , was encapsulated in an oxygen free carrier to ensure 
for 1 hour . Since the melting point of the aluminum - tin that the VIS - IR powder is not prematurely activated while in 
eutectic was 228 ° C. , a liquid phase formed during the heat the carrier ( e.g. , ampoule ) . In one embodiment , a selected 
cycle which facilitated the interaction of aluminum with amount of the VIS - IR powder was encapsulated in indi 
iron . The intermetallic composition was then cooled to room 45 vidual ampoules . The ampoules were made of a material 
temperature . substantially impervious to air - penetration and that has a 

Once the formed intermetallic composition was cooled to suitable shelf - life . In one embodiment , the ampoule was room temperature , it was placed in a grinder . In one embodi made of borosilicate glass , although other embodiments may ment , the cooled composition was ground to approximately 50 use other suitable frangible materials . -60 mesh particle size . In other embodiments , the cooled 
intermetallic composition can be ground to different sizes , or When the VIS - IR powder was exposed to air outside the 
to a mixture of sizes . A classifier can be used to separate the ampoule , the pyrophoric iron oxidized . Addition of tin 
ground material as a function of size . increased the energy output of the pyrophoric iron of the 

The ground intermetallic composition was then added to 55 VIS - IR powder . Aluminum and tin formed an eutectic 
a leaching solution under a fume hood . The reaction between composition with a melting point of 228 ° C. This liquid 
the intermetallic composition and the leaching solution phase during the inter - metallic reaction enhanced the inter 
could be very active . In some embodiments , the intermetal- action of aluminum with iron . Without being bound by any 
lic composition was added to the leaching solution in small mechanism , the result may be due to pyrophoric iron par 
increments . In one embodiment , the leaching solution was ticles having higher surface area after leaching . The VIS - IR 
20 % NaOH . In other embodiments , different concentrations powder prepared according to the method disclosed herein 
of NaOH may be used and different hydroxide sources , such provided a material with significantly higher visual intensity . 
as KOH may be used . To ensure proper leaching , the amount Table 1 shows a comparison of the intensity of a pyrophoric 
of the sodium hydroxide used can be approximately 2-3 65 iron containing tin according to the method disclosed herein 
times of the amount ( by mass ) of the aluminum in the ( VIS - IR powder ) and a pyrophoric iron that does not contain 
formed intermetallic composition . For example , when 200 tin . 
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TABLE 1 

Intensity of pyrophoric ion powder with tin 
( VIS - IR powder ) or without tin 

3-5 um 3-5 um 8-12 um 8-12 um Pyrophoric 
iron 
powders 

Max 
Scotopic 

( lux ) 

Integrated 
Scotopic 
( lux * s ) 

Max 
Photopic 

( lux ) 

Integrated 
Scotopic ( watts / ( watts * s / ( watts / 
( lux * s ) steradian ) steradian ) steradian ) steradian ) 

( watts * si 

44.52 6.90 118.9 18.92 63.85 11.25 30.35 11.13 Without 
tin 
With tin 
( VIS - IR 
powder ) 

626.80 85.30 1538.26 210.64 57.63 14.84 31.58 18.92 

* Data collected with radiometers placed 75 " away from the signature . 5 grams of pyrophoric material in a glass vial was launched 
at approximately 30 meters / second against a steel plate to disperse the powder . 
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Additionally , tin reduced the reaction temperature of the closed herein to air was approximately 40 ° C. cooler than 
VIS - IR powder . The VIS - IR powder formed a gray cloud that of a pyrophoric iron powder without tin . 
when dispersed in air . Some of the reaction heat was Furthermore , the VIS - IR powder was resistant to clump 
contained in the cloud and could be slowly dissipated to the ing . -60 to -200 mesh particles of the pyrophoric iron 
air instead of falling to the ground where combustible 20 powder without tin are susceptible to clumping and may 
materials may be present . This cloud was collected on a require the addition of an anti - clumping agent . However , the 
glass surface , and the powder X - ray diffraction analysis same size particles of the VIS - IR powder did not clump . 
showed that it comprised primarily tin and tin oxide . Thus The duration of the reaction of the VIS - IR powder ( i.e. , 
likely , tin or tin oxide was vaporized during the reaction , pyrophoric iron with tin ) may be affected by adjusting a 
which also removed heat from the reaction by vaporization 25 number of different factors during the preparation , e.g. , the 

concentration of sodium silicate , the particle size , and the heat . 
Table 2 shows the maximum reaction temperatures of a particle morphology . 

Several specific details of the invention are set forth in the pyrophoric iron containing tin prepared according to the description herein to provide a thorough understanding of 
method disclosed herein ( VIS - IR powder ) and a pyrophoric 30 certain embodiments of the invention . One skilled in the art , 
iron that does not contain tin . however , will understand that the invention may have addi 

tional embodiments , and that other embodiments of the 
TABLE 2 invention may be practiced with other specific features 

and / or without several of the specific features described Max reaction temperature of pyrophoric iron powders with tin 
( VIS - IR powder ) and without tin 35 herein . 

From the foregoing , it should be appreciated that specific Pyrophoric iron powders Max temperature ( ° C. ) embodiments of the disclosure have been described herein 
With tin ( VIS - IR powder ) for purposes of illustration , and not for limitation . Various 

modifications may be made without deviating from the spirit 
* Temperatures calculated from the intensity a 3-5 um and 8-12 um signal intensity using 40 and scope of the disclosure . Furthermore , while various the emissivity - free version of Planck's equation : advantages associated with certain embodiments of the 

ni disclosure have been described above in the context of those Signal ratio ( 11 , 12 ) 
e2kT - 1 embodiments , other embodiments may also exhibit such 

11 = wavelength 1 advantages , and not all embodiments need necessarily 
12 = wavelength 2 45 exhibit all such advantages to fall within the scope of the 

disclosure . c = speed of light 
k = Boltzmann constant 
T = absolute temperature ( K ) We claim : 

1. A method of preparing a visual and infrared signature 
Tin also reduced the temperature of the hot particles that 50 composition ( VIS - IR powder ) comprising : 

fell to the ground during or after the reaction of the VIS - IR mixing a first metal composition and a binder composition 
powder . When a pyrophoric powder that does not contain tin to provide a first mixture , wherein the first metal 
was exposed to air , the particles appeared visually the same composition comprises aluminum and tin ; 
before and after the reaction . However , the particles of the mixing a first solid comprising at least a portion of the first 
VIS - IR powder changed upon exposure to the air , wherein 55 mixture with a second metal composition to provide a 
the size of the particles decreased after reaction in air . This second mixture , wherein the second metal composition 
may be due to the melting of tin during the reaction . The heat comprises pyrophoric iron ; 
of fusion to melt the tin appeared to reduce the temperature heating the second mixture to provide an intermetallic 
of the particles . A FLIR SC6000 camera with 3-5 um composition ; 
bandpass was using to observe the residue after 5 grams of 60 adding the intermetallic composition to a leaching solu 
VIS - IR powder or a pyrophoric iron powder without tin was tion providing a solid portion and a leached portion that 
dropped onto a concrete floor from a height of 6 ft above the contains the aluminum ; 
ground . FIG . 2 shows that significantly more hot particles separating the solid portion from the leached portion ; and 
remained on the ground from dropping the pyrophoric iron drying the solid portion comprising the tin and pyrophoric 
powder that did not contain tin . Additionally , the max 65 iron to provide the VIS - IR powder . 
temperature of the particles obtained from the exposure 2. The method of claim 1 wherein the binder composition 
the VIS - IR powder prepared according to the method dis- comprises one or more metasilicate binders selected from 

e IKT - 1 
= 

hc 

= 

= 

h = Planck constant 
= 

a 
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the group consisting of sodium metasilicate , lithium meta- 10. The method of claim 1 , further comprising rinsing the 
silicate , and potassium metasilicate . solid portion with one or more rinsing solutions before 

3. The method of claim 1 , further comprising heating the drying the solid portion . 
first metal composition , and wherein the first mixture is an 
aluminum - tin eutectic . 11. The method of claim 1 , further comprising packaging 

4. The method of claim 3 , further comprising heating the the VIS - IR powder within a carrier that is substantially free 
second mixture at a temperature that is higher than the of oxygen . 
melting point of the aluminum - tin eutectic . 12. The method of claim 11 wherein the carrier comprises 5. The method of claim 1 , further comprising separating a frangible material and wherein the VIS - IR powder is solid from liquid from the first mixture and drying the solid 10 configured to be exposed to oxygen when the frangible to provide the first solid . material breaks . 6. The method of claim 1 , further comprising grinding the 
intermetallic composition , forming a powder of the inter- 13. The method of claim 1 wherein the VIS - IR powder is 
metallic composition . configured so that the tin is vaporized by thermal radiation 

7. The method of claim 6 wherein adding the intermetallic emitted by the pyrophoric iron when the pyrophoric iron 
composition to the leaching solution is adding the powder of oxidizes . 
the intermetallic composition to the leaching solution . 14. The method of claim 1 wherein drying the solid 8. The method of claim 1 wherein the leaching solution portion is executed in an inert atmosphere . comprises one or more strong bases . 

9. The method of claim 8 wherein the one or more strong 15. The method of claim 1 wherein the VIS - IR powder 
bases are selected from the group consisting of NaOH and 20 includes -60 to -200 mesh particles . 
??? . 
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